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(57)Abstract . 

PROBLEM TO BE SOLVED: To provide a secondary battery 
nonaqueous electrode which is fire- resistant and superior in charging 
and discharging characteristic, and a nonaqueous electrolyte 
secondary battery capable of safely generating a high voltage and 
excellent in charging and discharging characteristic obtained by use of 
such a nonaqueous electrolyte. 

SOLUTION: This nonaqueous electrolyte is formed of a nonaqueous 
solvent containing a cyclic carbonic ester, represented by the formula 
and a phosphoric ester compound, and an electrolyte. In the formula, 
R1-R4, which may be the same or different with respect to each 
other, represent hydrogen atom, a 1-7C alky! group, a 2-7C hydrogen 
carbonate group containing non-conjugate unsaturated bonds, 
-CH20R5 or -CH20COR6 (R5, R6 represent a 1-7C alkyl group or a 
2-7C hydrogen carbonate containing non-conjugate unsaturated 
bonds), and at least of R1-R4 is the group containing non-conjugate 
unsaturated bonds. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Nonaqueous electrolyte for rechargeable batteries characterized by the bird clapper from the non-aqueous 
solvent containing the annular carbonate expressed with the following general formula [I], and a phosphoric ester 
compound, and an electrolyte. 
[Formula 1] 




[I] 

(Among the formula [I], even if R1 -R4 are mutually the same, you may differ.) The carbon atomic number in which a 
hydrogen atom and a carbon atomic number include the alkyl group of 1-7 and a disconjugation system unsaturated 
bond The hydrocarbon group of 2-7, - it is CH20R5 or -CH20COR6, and is the basis in which at least one of R1-R4 
includes a disconjugation system unsaturated bond 

[Claim 2] Nonaqueous electrolyte for rechargeable batteries according to claim 1 characterized by the carbon atomic 
number to which the annular carbonate expressed with the above-mentioned general formula [I] includes a 
disconjugation system unsaturated bond in at least one of R1-R4 having the hydrocarbon group of 2-7. 
[Claim 3] Nonaqueous electrolyte for rechargeable batteries according to claim 1 to which the annular carbonate 
expressed with the above-mentioned general formula [I] is characterized by being what has -CH20R5 or 
-CH20COR6 (the carbon atomic number in which R5 and R6 include a disconjugation system unsaturated bond shows 
the hydrocarbon group of 2-7.) in at least one of R1-R4. 

[Claim 4] Nonaqueous electrolyte for rechargeable batteries according to claim 1 to 3 to which a carbon atomic 
number including the aforementioned disconjugation system unsaturated bond is characterized by the hydrocarbon 
group of 2-7 being an alkenyl machine. 

[Claim 5] Nonaqueous electrolyte for rechargeable batteries according to claim 1 characterized by the aforementioned 
phosphoric ester compound being phosphoric ester expressed with following general formula [II] - [IV]. 
[Formula 2] 

0=P<— ORe 
OR 9 

[II] 

[Formula 3] — 

ic) k X 

DM] 

[Formula 4] 

?-\ 

(G)m-0 — P=0 
[IV] 

(Among a formula, even if R7-R1 0 are mutually the same, they may differ from each other, and they show the alkyl 
group or fluorine substitution alkyl group of carbon numbers 1-6.) - (C)- is the hydrocarbon group of the shape of a 
straight chain, and the letter of branching, k, I, m, and n show a carbon number, k is the integer of 2-8, and at least 
one of I. m, and the n is [ it may differ, even if I, m, and n are mutually the same, and it is the integer of 0-12, and ] 
one or more integers. 



/ 2 



2003/09/08 11:19 



http://wyw4jpdypo.gojp/^ 



[Claim 6] Nonaqueous electrolyte for rechargeable batteries according to claim 5 to which the aforementioned 
phosphoric ester compound is characterized by being trimethyl phosphate. 

[Claim 7] Nonaqueous electrolyte for rechargeable batteries according to claim 1 to 6 characterized by the 
aforementioned non-aqueous solvent containing further at least one sort of carbonates chosen from the annular 
carbonates and chain-like carbonates other than the above [I]. 

[Claim 8] Nonaqueous electrolyte for rechargeable batteries according to claim 1 to 7 characterized by an electrolyte, 
being lithium salt 

[Claim 9] Nonaqueous electrolyte for rechargeable batteries according to claim 1 to 8 characterized by the 
nonaqueous electrolyte for rechargeable batteries being the electrolytic solution for rechargeable lithium-ion 
batteries. 

[Claim 10] The nonaqueous electrolyte rechargeable battery characterized by the negative electrode which contains a 
metal lithium, a lithium content alloy, or the carbon material in which the dope and ** dope of a lithium ion are 
possible as a negative-electrode active material, the positive electrode which contains either a lithium, the multiple 
oxides of transition metals and carbon materials or such mixture as a positive active material, and having nonaqueous 
electrolyte for rechargeable batteries according to claim 1 to 9 as the electrolytic solution. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte rechargeable 
battery containing this electrolytic solution while relating to the nonaqueous electrolyte for rechargeable batteries 
which it is still more detailed, and fire retardancy is high, was safe, and could generate the high voltage, and was 
excellent in the cell charge-and-discharge property about the nonaqueous electrolyte for rechargeable batteries, and 
a nonaqueous electrolyte rechargeable battery. 
[0002] 

Background of the Invention] Nonaqueous electrolyte is used as the electrolytic solution of energy-storage devices, 
such as a lithium cell, and since these devices have a high voltage and high-energy density and are excellent in 
reliability, they are widely used for the power supply of consumer electronics etc. Nonaqueous electrolyte consists of 
a non-aqueous solvent and an electrolyte, and propylene carbonate [ which is generally the organic solvent of a high 
dielectric constant ], gamma-butyrolactone, sulfolane or dimethyl carbonate [ that is the organic solvent of 
hypoviscosity ], dimethoxy ethane, tetrahydrofuran, 1, and 3-dioxolane etc. is used as a non-aqueous solvent. 
Moreover, as an electrolyte. Et4NBF4, LiBF4, LiPF6, LiCI04 and LiAsF6. UCF3S03, LiAICI4, LiSiF6. etc. are used. 
[0003] By the way, since a cell with a high energy density is desired, research is advanced about the high-voltage cell. 
For example, the rechargeable battery called rocking-chair type which used the lithium of LiCo02, LiNi02, and 
LiMn204 grade and the multiple oxide of transition metals for the positive electrode of a cell, and used the carbon 
material for the negative electrode is studied, since [ in this case, ] a cell voltage can generate more than 4V and 
moreover does not have a deposit of a metal lithium — overcharge and external short-circuit — ****(ing) — 
crushing — etc. — also by experiment, it is checked that safety is secured and it appears on the market as a 
noncommercial use However, when the future large formation of high-energy density and enlargement are made, to 
raise safety further is desired and it is called for that inflammable nonaqueous electrolyte has self-exjunguishing. For 
this reason, adding the phosphoric ester known as a compound with self-extinguishing to the electrolytic solution is 
proposed (for example, refer to JP.4-1 848 70, A). 

[0004] However, although the electrolytic solution which added general phosphoric ester, such as phosphoric-acid 
triethyl, is fire retardancy and safety improved, depending on the kind and addition of phosphoric ester, there were 
also cell charge-and-discharge efficiency, an energy density of a cell, and a thing that cannot necessarily be satisfied 
in respect of a battery life. Although limiting the addition of phosphoric ester (for example, referring to JP.7-1 1 4940.A) 
etc. was proposed in order to solve such a problem for example, it was not what is not necessarily satisfied in respect 
of fire retardancy, safety, cell charge-and-discharge efficiency, the energy density of a cell, a battery life, etc. 
[0005] 

[Objects of the Invention] this invention aims at offering the rechargeable battery containing this nonaqueous 
electrolyte while it aims at offering the nonaqueous electrolyte for rechargeable batteries which was made in view of 
the above-mentioned trouble, fire retardancy was highly safe, and could generate the high voltage, and was excellent 
in cell charge/discharge capability ability. 
[0006] 

[Summary of the Invention] The nonaqueous electrolyte for rechargeable batteries concerning this invention is 
characterized by the bird clapper from the non-aqueous solvent containing the annular carbonate expressed with the 
following general formula [I], and a phosphoric ester compound, and the electrolyte. 
[0007] 
[Formula 5] 
O 



A 




Fia "a 
[I] 

Among the formula [I], even if R1-R4 are mutually the same, you may differ. The carbon atomic number in which a 
hydrogen atom and a carbon atomic number include the alkyl group of 1-7 and a disconjugation system unsaturated 
bond The hydrocarbon group of 2-7, - It is CH20R5 or -CH20COR6, and at least one of R1-R4 is a basis including a 
disconjugation system unsaturated bond. 

[0008] That in which the carbon atomic number which includes a disconjugation system unsaturated bond in at least 
one of the annular carbonate expressed with the above-mentioned general formula [l], and R1-R4 has the 
hydrocarbon group of 2-7 is desirable, and it is desirable that it is an ARUKENIRU machine especially, moreover, 
among [ the cyclic ester expressed with the above-mentioned general formula [I], and among R1-R4 ] — at least one 
-CH20R5 or -CH20COR6 — it is (the carbon atomic number in which, as for R5 and R6, a carbon atomic number 
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includes the alkyl group or disconjugation system unsaturated bond of 1-7 shows the hydrocarbon group of 2-7) 
what it has is desirable 

[0009] it is desirable that it is phosphoric ester expressed with following general formula [II] - [IV], and the 
aforementioned phosphoric ester compound is [0010]. 
[Formula 6] 

OR, 

0=P^-OR_ 
OR 9 

[II] 

[0011] 
[Formula 7] 

[Ill] 

[0012] 

[Formula 8] . 

(C)m-0 — P=0 

(Qn-O 

[IV] 

(Among a formula, even if R7-R10 are mutually the same, they may differ from each other, and they show the alkyl 
group or fluorine substitution alkyl group of carbon numbers 1-6.) - (C)- is the hydrocarbon group of the shape of a 
straight chain, and the letter of branching, k, I, m, and n show a carbon number, k is the integer of 2~8, and at least 
one of I, m, and the n is [ it may differ, even if I, m, and n are mutually the same, and it is the integer of 0-12, and ] 
one or more integers. It is desirable especially that it is trimethyl phosphate. The thing of an annular carbonate and a 
chain-like carbonate for which the aforementioned non-aqueous solvent includes 1. kind at least is still more 
desirable. As for an electrolyte, it is desirable that it is lithium salt 

[001 3] The nonaqueous electrolyte rechargeable battery concerning this invention is characterized by the negative 
electrode which contains a metal lithium, a lithium content alloy, or the carbon material in which the dope and ** 
doping of a lithium ion are possible as a negative-electrode active material, the positive electrode which contains 
either a lithium, the multiple oxides of transition metals and carbon materials or such mixture as a positive active 
material, and including the'aforementioned nonaqueous electrolyte for rechargeable batteries as the electrolytic 
solution. 
[0014] 

[Detailed Description of the Invention] Hereafter, the nonaqueous electrolyte concerning this invention and the 

nonaqueous electrolyte rechargeable battery using this nonaqueous electrolyte are explained concretely. The 

nonaqueous electrolyte for rechargeable batteries concerning this invention consists of a non-aqueous solvent 

containing a specific annular carbonate and a specific phosphoric ester compound, and an electrolyte. 

[0015] What is expressed with the following general formula [I] as an annular carbonate used by the annular carbonate 

this invention is used. 

[0016] 

[Formula 9] — 
O 




w 

Among the formula [I], even if R1 -R4 are mutually the same, you may differ. The carbon atomic number in which a 
hydrogen atom and a carbon atomic number include the alkyl group of 1-7 and a disconjugation system unsaturated 
bond The hydrocarbon group of 2-7, - It is CH20R5 or -CH20COR6 (the carbon atomic number in which, as for R5 
and R6. a carbon atomic number includes the alkyl group or disconjugation system unsaturated bond of 1-7 shows the 
hydrocarbon group of 2-7), and is the basis in which at least one of R1-R4 includes a disconjugation system 
unsaturated bond. 

[0017] What the carbon atomic number in which at least one of R1-R4 includes a disconjugation system unsaturated 
bond has the hydrocarbon group of 2-7, and has -CH20R5 or -CH20COR6 (the carbon atomic number in which R5 
and R6 include a disconjugation system unsaturated bond shows the hydrocarbon group of 2-7) is desirable as cyclic 
ester expressed with such an above-mentioned general formula [l] by this invention. It is desirable that a carbon 
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atomic number including such a disconjugation system unsaturated bond is an ARUKENIRU machine as a hydrocarbon 
group of 2-7. 

LQ018] As an annular carbonate expressed with such a formula [I] 4-vinyl ethylene carbonate, 4, and 4-divinyl 
ethylene carbonate, Vinyl ethylene carbonate derivative;4-vinyl-4-methyl-ethylene carbonate, such as 4 and 5-di vinyl 
ethylene carbonate, 4-vinyl-5-methyl-ethylene carbonate, the 4-vinyl -4, 5-dim ethyl ethylene carbonate, The 4-vinyl 
-5, 5-dimethyl ethylene carbonate, 4-vinyl - Alkylation vinyl ethylene carbonate derivative;4-allyloxy methyl-ethylene 
carbonate, such as 4, 5, and 5-trimethylethylene carbonate, Allyloxy methyl-ethylene carbonate 
derivative;4-methyl-4-allyloxy methyl-ethylene carbonate, such as 4 and 5-diaryl oxymethyl ethylene carbonate, 
Alkylation allyloxy methyl-ethylene carbonate, such as 4-methyl-5-allyloxy methyl-ethylene carbonate; 4-acrylic 
oxymethyl ethylene carbonate, Acrylic oxymethyl ethylene carbonate derivative;4-methyl-4-acrylic oxymethyl 
ethylene carbonate, such as 4 and 5-JIAKURIRU oxymethyl ethylene carbonate, Alkylation acrylic oxymethyl ethylene 
carbonate, such as 4-methyl-5-acrylic oxymethyl ethylene carbonate, etc. is mentioned. 

[0019] Among these, the thing containing vinyl ethylene carbonate derivatives, such as 4-vinyl ethylene carbonate. 4, 
and 4-divinyl ethylene carbonate, 4, and 5-divinyl ethylene carbonate, is desirable. 

[0020] There is an effect of improving the charge-and-discharge efficiency of the cell produced in case a phosphoric 

ester compound is added, and the fall of a load characteristic in such an annular carbonate. 

As a phosphoric ester compound used by the phosphoric ester compound this invention, the phosphoric ester 

expressed with following general formula [II] - [IV] is used preferably. 

[0021] 

[Formula 10] 

0=P<— OFfc 
OR 9 

[II] 

[0022] 
[Formula 11] 

/°\ / 

DM] 

[0023] 

[Formula 12] 

?-\ 

Opm-O— P=0 
[IV] 

(Among a formula, even if R7-R10 are mutually the same, they may differ from each other, and they show the alkyl 
group or fluorine substitution alkyl group of carbon numbers 1 -6.) - (C)- is the hydrocarbon group of the shape of a 
straight chain, and the letter of branching, k, I, m, and n show a carbon number, k is the integer of 2-8, and at least 
one of I, m, and the n is [ it may differ, even if I, m, and n are mutually the same, and it is the integer of 0-1 2, and ] 
one or more integers. 

Specifically as phosphoric ester expressed with a formula [II], trimethyl phosphate, triethyl phosphate, TORIPURO pill 
phosphate, tributyl phosphate, dimethyl ethyl phosphate, methyl diethyl phosphate, etc. are mentionecL Specifically as 
phosphoric ester expressed with a formula [III], it is methyl-ethylene phosphate and [0024]. 
[Formula 13] 

0=P<— O— CH 2 

O— CH 3 

Methyl trimethylene phosphate [0025] 
[Formula 14] 

/ >(CH2) 3 

O— CH 3 

**** is mentioned. Specifically as phosphoric ester expressed with a formula [IV], it is [0026]. 
[Formula 15] 
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0=P<—O~CH 2 



O 



CH 2 



0=P^—O-CH 

^0-CH^CH 2 
[0028] 




0= P<— 1 0 — CH 2 — C— CH 3 
O CH 2 




Trimethylolethane phosphate etc. is mentioned. 

[0029] In respect of fire-resistant grant" since the effect is large, trimethyl phosphate and phosphoric-acid triethyl are 
desirable, and especially trimethyl phosphate is [ among these ] . desirable. 

[0030] In the nonaqueous electrolyte for rechargeable batteries concerning a non-aqueous-solvent this invention, the 
non-aqueous solvent containing the annular carbonate expressed with the above general formulas [I] and a 
phosphoric ester compound is used. As for the aforementioned phosphoric-acid ESUDERU compound, in the binary 
system of an annular carbonate and a phosphoric ester compound, it is desirable to be preferably contained in 90 - 
99.9% of the weight of the amount still more preferably 80 to 99.99% of the weight 60 to 99.999% of the weight in a 
non-aqueous solvent If the phosphoric ester compound is contained in the non-aqueous solvent in such an amount, 
sufficient fire retardancy for the nonaqueous electrolyte for rechargeable batteries can be given. 
[0031] Moreover, as for the annular carbonate expressed with a general formula [I], it is desirable to be preferably 
added in 0.1 - 10% of the weight of the amount still more preferably 0.01 to 20% of the weight 0.001 to 40% of the 
weight to a non-aqueous solvent The charge-and-discharge efficiency of the cell produced in case a phosphoric 
ester compound will be added, if the annular carbonate expressed with a general formula [I] in a non-aqueous solvent 
in such an amount is added, and the fall of a load characteristic are fully improvable. 

[0032] With the non-aqueous solvent used by this invention In addition to the annular carbonate expressed with a 
general formula [I], and a phosphoric ester compound, it is desirable to contain carbonates, such as other annular 
carbonates and a chain-like carbonate. By including such a carbonate, the charge-and-discharge efficiency and the 
load characteristic of a cell are further improvable. As other annular carbonates, ethylene carbonate, propylene car 
PONETO. butylene carbonate, etc. are mentioned, these — one sort — or two or more sorts may use it. mixing The 
mixed solvent of ethylene carbonate, propylene carbonate or ethylene carbonate, and propylene carbonate is 
preferably used among these annular carbonates. If these annular carbonates are contained, it is possible to raise the 
solubility of the electrolyte in low temperature, transportation of an electrolyte can become easy, and the electrical 
conductivity of the electrolytic solution can be raised further. 

[0033] As a chain-like carbonate, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, methylpropyl 
carbonate, methyl isopropyl carbonate, ethyl propyl carbonate, etc. are mentioned, these — one sort — or two or 
more sorts may use it, mixing Since dimethyl carbonate can raise the self-extinguishing of the electrolytic solution 
among these chain-like carbonates, it is desirable. 

[0034] If these chain-like carbonic acid ESUDERU is contained in the non-aqueous solvent, it is possible to make low 
viscosity of the nonaqueous electrolyte for rechargeable batteries, and electrolytic solubility can be raised further and 
it can consider as the electrolytic solution excellent in the electrical conductivity in ordinary temperature or low 
temperature. The above chain-like carbonates and annular carbonates can also be mixed and used. 
[0035] In the case of the three-component system which mixes and uses other the above cyclic ester and chain-like 
carbonates for the annular carbonate and phosphoric ester compound which are expressed with a general formula [I], 
the annular carbonate expressed with a general formula [I] is 0.001 - 40 % of the weight usually preferably used at 0.1 

- 5% of the weight of a rate still more preferably 0.01 to 20% of the weight to the non-aqueous-solvent whole quantity. 

[0036] case [ moreover, ] it is the same — a phosphoric ester compound — the non-aqueous-solvent whole quantity 

— receiving — usually — 0.1 - 99.999 % of the weight — desirable — 1 - 99.99 % of the weight — further — 
desirable — 3 - 60 % of the weight — it comes out comparatively and is used — having — other cyclic ester and 
chain-like carbonates — the non-aqueous-solvent whole quantity — receiving — usually — 99.899 or less % of the 
weight — desirable — 98.9 or less % of the weight — further — desirable — 35 - 96.9 % of the weight — it comes 
out comparatively and is used 

[0037] If it is possible to raise the electrical conductivity of the nonaqueous electrolyte for rechargeable batteries if 
other annular carbonates are contained in the non-aqueous solvent in such an amount and the chain-like carbonate is 
contained, the nonaqueous electrolyte for rechargeable batteries excellent in self-extinguishing can be obtained. 
[0038] The annular carbonate expressed with the above-mentioned phosphoric ester and a general formula [l] to the 
non-aqueous solvent used by this invention further again, The methyl formate usually used as a non-aqueous solvent 
for cells besides other annular carbonates and a chain-like carbonate, An ethyl formate, a propyl formate, methyl 
acetate, ethyl acetate, propyl acetate, Chain-like ether, such as chain-like ester, such as a methyl propionate and an 
ethyl propionate, and dimethoxyethane, Amides, such as cyclic ether, such as a tetrahydrofuran, and a 
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dimethylformamide Methyl - ******-BAMETO, such as N and N-dimethyl carver mate Annular sulfones, such as 
cyclic ester, such as gam ma-butyro lactone, and a sulfolane Non-aqueous solvents, such as annular ureas, such as 
cyclic-amides [. such as annular carver mates, such as N-methyl OKISASORIJINON and N-methyf pyrrolidone, ], N, 
and N-dimethyl imidazolidone. can be used to about 40 % of the weight to the whole quantity of a non-aqueous 
solvent. 

[0039] As an electrolyte used by the electrolyte this invention, usually, if used as an electrolyte for nonaqueous 
electrolyte, it can be used, without being limited especially. Specifically LiPF6. UBF4, LiCI04. LiAsF6, UOS02R1 1. UN 
(SO two R12) (SO two R13). R1 1-R18 among LiC (SO two R14) (SO two R15) (SO two R16) and a LiN(S020R17) 
(S020R18) [formula It may differ, even if mutually the same, and lithium salt such as] and LiSiF6 which are the 
perfluoroalkyl machine of carbon numbers 1-6, LiC4F9S03, and UC3F17S03, is used preferably. These lithium salt 
may be used independently, and may mix and use two or more sorts of lithium salt 

[0040] Since LJPF6 and LiBF4 become [fire retardancy ] high by the synergism with phosphoric ester among these 
lithium salt, it is desirable. As for such an electrolyte, it is usually desirable to contain 0.1-3 mols /in the nonaqueous 
electrolyte for rechargeable batteries by the concentration of 0.5-2 mols/l. preferably 1. 

The nonaqueous electrolyte rechargeable battery concerning a nonaqueous electrolyte rechargeable battery this 
invention consists of a negative electrode which contains a metal lithium, a lithium content alloy, or the carbon 
material in which the dope and ** doping of a lithium ion are possible as a negative— electrode active material, a 
positive electrode which contains either a lithium, the multiple oxides of transition metals and carbon materials or 
such mixture as a positive active material, and aforementioned nonaqueous electrolyte for rechargeable batteries. 
[0041] Such a nonaqueous electrolyte rechargeable battery is applicable to for example, a cylindrical nonaqueous 
electrolyte rechargeable battery. It comes to contain a cylindrical nonaqueous electrolyte rechargeable battery with 
the cell can 5, where an electric insulating plate 4 is laid in the upper and lower sides of winding and a winding object 
through the SEPARE evening .3 into which the nonaqueous electrolyte for rechargeable batteries was poured for the 
negative electrode 1 which applies a negative-electrode active material to the negative-electrode charge collector 9, 
and becomes it as shown in drawing 1 , and the positive electrode 2 which comes to apply a positive active material to 
the positive-electrode charge collector 10. the cell can 5 — the cell lid 7 — the ** ROGASU blanket 6 — minding — 
by closing, it is attached and connects with a negative electrode 1 or a positive electrode 2 electrically through 
negative-electrode lead 1 1 and positive-electrode lead 1 2, respectively, and it is constituted so that it may function 
as the negative electrode or positive electrode of a cell In addition, separator is a porous film. 
[0042] By this cell, as for the positive-electrode lead 12. electrical installation with the cell lid 7 may be measured 
through the sheet metal 8 for current interception. By such cell, if the pressure inside a cell rises, the sheet metal 8 
for current interception is pushed up, and deforms, positive-electrode lead 1 2 leave the above-mentioned sheet 
metal 8 and the welded portion, they are cut and current has become as [ intercept / current ]. 

[0043] Although any of the carbon material as a negative-electrode active material which constitutes such a negative 
electrode 1 which can dope and ** dope a metal lithium, a lithium alloy, and ajithium ion can be used, it is desirable to 
use the carbon material which can dope and ** dope a lithium ion among these. Such a carbon material may be an 
amorphous carbon even if it is graphite, and all carbon materials, such as activated carbon, a carbon fiber, carbon 
black, and a meso carbon micro bead, are used. 

[0044] Especially in this invention, the spacing (d002) of the field (002) measured with X-ray analysis is 0.37nm or 
less, and if the carbon material which has a property near the graphite whose density is three or more 1.70 g/cm is 
desirable and uses such a carbon material, the energy density of a cell can be made high. Moreover, the multiple oxide 
which the multiple oxide which consists of the lithium and transition metals of transition-metals oxides, such as MoS2, 
TiS2, Mn02, and V205, and a transition-metals sulfide or Li0oO2 and LiMn02, LiMn 204, and LiNi02 grade is used as 
a positive active material which constitutes a positive electrode 2, and especially consists of a lithium and transition 
metals is desirable. 

[0045] Moreover, when a negative electrode is a lithium metal or a lithium alloy, a carbon material can also be used as 
a positive electrode. The mixture of a lithium, the multiple oxide of transition metals, and a carbon material can also be 
used as a positive electrode further again. Moreover, the nonaqueous electrolyte rechargeable battery concerning this 
invention is applicable also to a coin type nonaqueous electrolyte rechargeable battery as shown in drawing 2. 
[0046] the coin type nonaqueous electrolyte rechargeable battery of drawing 2 — the shape of a disk — the shape of 
negative-electrode 1 3 and a disk ; — positive-electrode 14, separator 15, and stainless board 17 — a negative 
electrode 13, separator 1 5, and a positive electrode 1 — 4 and where a laminating is carried out in the stainless 
sequence of board 1 7, it contains to cell can 1 6 — having — the cell can (lid) 19 — gasket 1 8 — minding — it is 
attached by closing The same thing as the above is used as negative-electrode 1 3, separator 1 5, and 
positive-electrode 1 4. Moreover, the thing of the quality of the material of the stainless steel which cannot corrode 
cell can 1 6 and cell can (lid) 1 9 easily due to the electrolytic solution is used. 

[0047] In addition, it may not be limited to what showed the configuration of a cell etc. to drawing 1 and drawing 2 
including the nonaqueous electrolyte for rechargeable batteries which explained the nonaqueous electrolyte 
rechargeable battery concerning this invention above as the electrolytic solution, but you may be a square shape etc. 
[0048] 

[Effect of the Invention] The nonaqueous electrolyte for rechargeable batteries concerning this invention is fire 
retardancy, and excellent in charge/discharge capability ability, and the nonaqueous electrolyte rechargeable battery 
using such nonaqueous electrolyte for rechargeable batteries is safe, can generate the high voltage, and is excellent in 
a charge-and-discharge property. 
[0049] 

[Example] Although an example is given and this invention is explained concretely hereafter, this invention is not 
limited at all by these examples. 

[0050] Vinyl ethylene carbonate in the nonaqueous electrolyte for rechargeable batteries after dissolving example 1 
<manufacture of nonaqueous electrolyte for rechargeable batteries> LiPF615.2g (100mmo!) in trimethyl phosphate 
(TMPA) (VEC) 
[0051] 

[Formula 18] 
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A 



It added so that concentration might become 5% of the weight and the nonaqueous electrolyte for rechargeable 
batteries was prepared (electrolyte concentration of 1.0 mols/L). 

production of a negative electrode> — the negative electrode 1 3 was produced as follows first 
[0052] 95 weight sections and the polyvinylidene-fluoride (PVDF) 5 weight section of a binder are mixed in the 
carbon-powder end of the mesophase pitch micro fiber Made from PETOKA (tradename : MEMBUROMM1RUDO, d 
002= 0.336nm, density 2.21 g/cm3), and it distributes to N-methyl pyrrolidone of a solvent — making — a negative 
electrode — a mixture — the slurry (the shape of a paste) was prepared this negative electrode — a mixture — after 
making the negative-electrode charge collector with a thickness of 20 micrometers made from band-like copper foil 
apply and dry a slurry, the band-like carbon negative electrode was obtained such a negative electrode — the 
thickness of a mixture was 25 micrometers Furthermore, after piercing this band electrode with a diameter of 15mm in 
the shape of a disk, it pressed and considered as the negative-electrode electrode 13. 
The production of positive electrode> positive electrode 1 4 was produced as follows. 

[0053] the LiCo02 (21 8 micrometers of mean particle diameters [ Product name : HLC- ]) particle 91 weight section 
by Honjo Chemical, the graphite 6 weight section of electric conduction material, and the polyvinylidene-fiuoride 3 
weight section of a binder — mixing — a positive electrode — preparing a. mixture and distributing N-methyl 
pyrrolidone — a positive electrode — a mixture — ; the slurry was obtained The positive-electrode charge collector 
made from a band-like aluminum foil with a thickness of 20 micrometers was made to apply and dry this slurry, it 
pressed, and the band-like positive electrode was obtained, such a positive electrode — the thickness of a mixture 
was 40 micrometers It considered as the positive-electrode electrode 14 by furthermore piercing this band electrode 
with a diameter of 1 5mm in the shape of a disk. 

production of a cell> — as shown in drawing 2 , after carrying out the laminating of the disk-like negative electrode 
13 obtained by doing in this way, the disk-like positive electrode 14, and the separator 15 (micrometers [ in thickness 
/ 25 ], fine porosity polypropylene film with a diameter of 1 9mm) to the cell can 1 6 of 2032 sizes made from stainless 
steel in the sequence of a negative electrode 13, separator 15, and a positive electrode 14, the aforementioned 
nonaqueous electrolyte for rechargeable batteries was poured into separator 15 Then, after containing the board 17 
(the thickness of 2.4mm. diameter of 15.4mm) made from stainless steel, through the gasket 18 made from 
polypropylene, by closing the cell can (lid) 19, the airtightness in a cell was held and the coin type nonaqueous 
electrolyte rechargeable battery with a diameter [ of 20mm ] and a height of 3.2mm was produced. 
<measurement of service capacity> — the service capacity of the nonaqueous electrolyte rechargeable battery which 
carried out in this way and was produced was measured In addition, in this example, the direction of current where Li+ 
is doped by the negative electrode was considered as charge, and the direction; of current by which a ** dope is 
carried out was considered as electric discharge. Charge was performed by the 4.2V or 1mA constant-current 
constant-potential charge method, and when the charging current became below 50microA. it considered as the end. 
Electric discharge was performed by the 1 mA constant current, and when voltage amounted to 2.7V, it considered as 
the end. From the charge capacity of this charge-and-discharge cycle, and service capacity, charge-and-discharge 
efficiency was calculated by the following formula. A result is shown in Table 1. 
[0054] 
[Equation 1] 

<H) = x I 0 0 

3£*3S0_Ah/g) 

[0055] The Manila paper for separators with a thickness of 0.04mm cut with a length of 30cm a 1 5mm and in the 
shape of a strip of paper in the beaker containing the nonaqueous electrolyte for the <self-extinguishing evaluation of 
nonaqueous electrolyte for rechargeable batteries> aforementioned rechargeable batteries was dipped 1 minute or 
more. The superfluous nonaqueous electrolyte for rechargeable batteries which drips from Manila paper was-wiped 
with the beaker wall, the support needle of the sample base which has a support needle at intervals of 2.5cm was 
stabbed with Manila paper, and it fixed horizontally. The sample base which fixed Manila paper was put into the metal 
box of 25 cmx2 5 cmx5 0 cm, the end was lit with the writer, the length with which separator paper burned was 
measured, and the case where combustion length was under Icm was estimated that there is self-extinguishing. A 
result is shown in Table 1. 

[0056] Vinyl ethylene carbonate in the nonaqueous electrolyte for rechargeable batteries after dissolving UPF615.2g 
(lOOmmol) in the mixed solvent (mixed weight ratio EC:DMC:TMPA= 37.6:56.7:5.2) of ethylene carbonate (EC), dimethyl 
carbonate (DMC). and trimethyl phosphate (TMPA) like example 2 example 1 (VEC) 
[0057] 
[Formula 19] 



A 



;CH, 



It added so that concentration might become 0.5% of the weight, and the charge-and-discharge efficiency of a cell and 
the se ^extinguishing of the electrolytic solution were evaluated like the example 1 except having prepared the 
nonaqueous electrolyte for rechargeable batteries (electrolyte concentration of 1.0 mols/l.). A result is shown in Table 
1. 
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[0058] It sets in the example 3 example 2, and is 4 and 5-divinyl ethylene carbonate [0059] instead of vinyl ethylene 
carbonate. 
[Formula 20] 



A 



H,C^ \ Z ^>CH, 

S & 

The charge-and-discharge efficiency of a cell and the self-extinguishing of the electrolytic solution were evaluated 
like the example 2 except having ******(ed). A result is shown in Table 1. 

[0060] It sets in the example 4 example 2, and they are 4-methyl and 4-vinyl ethylene carbonate [0061] instead of 
vinyl ethylene carbonate. 
[Formula 21] 



CH = 



CH, 
CH, 



The charge-and-discharge efficiency of a. cell and the self-extinguishing of the electrolytic solution were evaluated 
like the example 2 except having ******(edX.A result is shown in Table 1. 

[0062] It sets in the example 5 example 2, and is allyloxy methyl-ethylene carbonate [0063] instead of vinyl ethylene 

carbonate. 

[Formula 22] 




except for having ******(ed) — an example 2 — the same — carrying out — the charge-and-discharge efficiency of 
a cell — ** — self^extinguishing evaluation of the electrolytic solution — it carried out A result is shown in Table 1. 
[0064] It sets in the example 6 example 2, and is metacryloxy methyl-ethylene carbonate [0065] instead of vinyl 
ethylene carbonate. 
[Formula 23] 



o 



H 



• CH, 
5 CH, 



The charge-and-discharge efficiency of a cell and the self-extinguishing of the electrolytic solution were evaluated 

like the example 2 except having ******( ed). A result is shown in Table t. 

[0066] 
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[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer- So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte rechargeable 
battery containing this electrolytic solution while relating to the nonaqueous electrolyte for rechargeable batteries 
which it is still more detailed, and fire retardancy is high, was safe, and could generate the high voltage, and was 
excellent in the cell charge-and-discharge property about the nonaqueous electrolyte for rechargeable batteries, and 
a nonaqueous electrolyte rechargeable battery. 
[0002] 

Background of the Invention] Nonaqueous electrolyte is used as the electrolytic solution of energy-storage devices, 
such as a lithium cell, and since these devices have a high voltage and high-energy density and are excellent in 
reliability, they are widely used for the power supply of consumer electronics etc. Nonaqueous electrolyte consists of 
a non-aqueous solvent and an electrolyte, and propylene carbonate [ which is generally the organic solvent of a high 
dielectric constant ], gamma-butyrolactone, sulfolane or dimethyl carbonate [ that is the organic solvent of 
hypoviscosity ], dimethoxy ethane, tetrahydrofuran, 1, and 3-dioxolane etc. is used as a non-aqueous solvent. 
Moreover, as an electrolyte, Et4NBF4, LiBF4, LiPF6, UCI04 and LiAsF6, UCF3S03, UAICI4, LiSiF6. etc. are used. 
[0003] By the way, since a cell with a high energy density is desired, research is advanced about the high-voltage cell. 
For example, the rechargeable battery called rocking-chair type which used the lithium of LiCo02, LiNi02, and 
LiMn204 grade and the multiple oxide of transition metals for the positive electrode of a cell, and used the carbon 
material for the negative electrode is studied, since [ in this case, ] a cell voltage can generate more than 4V and 
moreover does not have a deposit of a metal lithium — overcharge and external short-circuit — ****(ing) — 
crushing — etc. — also by experiment, it is checked that safety is secured and it appears on the market as a 
noncommercial use However, when the future large formation of high-energy density and enlargement are made, to 
raise safety further is desired and it is called for that inflammable nonaqueous electrolyte has self-extinguishing. For 
this reason, adding the phosphoric ester known as a compound with self-extinguishing to the electrolytic solution is 
proposed (for example, refer to JP.4-1 84870,A). 

[0004] However, although the electrolytic solution which added general phosphoric ester, such as phosphoric-acid 
triethyl, is fire retardancy and safety improved, depending on the kind and addition of phosphoric ester, there were 
also cell charge-and-discharge efficiency, an energy density of a cell, and a thing that cannot necessarily be satisfied 
in respect of a battery life. Although limiting the addition of phosphoric ester (for example, referring to JP.7-1 14940.A) 
etc. was proposed in order to solve such a problem for example, it was not what is not necessarily satisfied in respect 
of fire retardancy, safety, cell charge-and-discharge efficiency, the energy density of a cell, a battery life, etc. 
[0005] 

[Objects of the Invention] this invention aims at offering the rechargeable battery containing this nonaqueous 
electrolyte while it aims at offering the nonaqueous electrolyte for rechargeable batteries which was made in view of 
the above-mentioned trouble, fire retardancy was highly safe, and could generate the high voltage, and was excellent 
in cell charge/discharge capability ability. 
[0006] 

[Summary of the Invention] The nonaqueous electrolyte for rechargeable batteries concerning this invention is 
characterized by the bird clapper from the non-aqueous solvent containing the annular carbonate expressed with the 
following general formula [I], and a phosphoric ester compound, and the electrolyte. 
[0007] 

[Formula 5] 
o 

A 




Ra R 3 



[I] 

Among the formula [l], even if R1-R4 are mutually the same, you may differ. The carbon atomic number in which a 
hydrogen atom and a carbon atomic number include the alkyl group of 1-7 and a disconjugation system unsaturated 
bond The hydrocarbon group of 2-7. - It is CH20R5 or -CH20COR6, and at least one of R1-R4 is a basis including a 
disconjugation system unsaturated bond. 

[0008] That in which the carbon atomic number which includes a disconjugation system unsaturated bond in at least 
one of the annular carbonate expressed with the above-mentioned general formula [l], and R1-R4 has the 
hydrocarbon group of 2-7 is desirable, and it is desirable that it is an alkenyl machine especially, moreover, among 
the cyclic ester expressed with the above-mentioned general formula [l], and among R1-R4 ] — at least one 
-CH20R5 or -CH20COR6 — it is (the carbon atomic number in which, as for R5 and R6. a carbon atomic number 
includes the alkyl group or disconjugation system unsaturated bond of 1-7 shows the hydrocarbon group of 2-7) — 
what it has is desirable 
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[0009] It is desirable that it is phosphoric ester expressed with following general formula [II] - [IV], and the 
aforementioned phosphoric ester compound is [0010]. 
[Formula 6] 

0=P < —-OR e 
OR 9 

[0011] 

[Formula 7] _ 

0,0 

(C) k p' 

[HI] 

[0012] 
[Formula 8] 

?-\ 

(C)m-0 — P = 0 
(Qn-O 

(Among a formula, even if R7-R1 0 are mutually the same, they may differ from each other, and they show the alkyl 
group or fluorine substitution alkyl group of carbon numbers 1-6.) - (Ch is the hydrocarbon group of the shape of a 
straight chain, and the letter of branching, k, I. m, and n show a carbon number, k is the integer of 2-8, and at least 
one of I m, and the n is [ it may differ, even if I. m, and n are mutually the same, and it is the integer of 0-1 2. and J 
one or more integers. It is desirable especially that it is trimethyl phosphate. The thing of an annular carbonate and a 
chain^like carbonate for which the aforementioned non-aqueous solvent includes 1. kind at least is still more 
desirable. As for an electrolyte, it is desirable that it is lithium salt ... 
[001 3] The nonaqueous electrolyte rechargeable battery concerning this invention is characterized by the negative 
electrode which contains a metal lithium, a lithium content alloy, or the carbon material in which the dope and ** 
doping of a lithium ion are possible as a negative-electrode active material, the positive electrode which contains 
either a lithium, the multiple oxides of transition metals and carbon materials or such mixture as a positive active 
material, and including the aforementioned nonaqueous electrolyte for rechargeable batteries as the electrolytic 
solution. 

[0014] . , . . 

[Detailed Description of the Invention] Hereafter, the nonaqueous electrolyte concerning this invention and the 

nonaqueous electrolyte rechargeable battery using this nonaqueous electrolyte are explained concretely. The 

nonaqueous electrolyte for rechargeable batteries concerning this invention consists of a non-aqueous solvent 

containing a specific annular carbonate and a specific phosphoric ester compound, and an electrolyte. 

[0015] What is expressed with the following general formula [l] as an annular carbonate used by the annular carbonate 

this invention is used. 

[0016] ... 
[Formula 9] 
o 



A 



R_ *3 



Among the formula [I], even if R1-R4 are mutually the same, you may differ. The carbon atomic number in which a 
hydrogen atom and a carbon atomic number include the alkyl group of 1 -7 and a disconjugation system unsaturated 
bond The hydrocarbon group of 2-7, - It is CH20R5 or -CH20COR6 (the carbon atomic number in which, as for R5 
and R6. a carbon atomic number includes the alkyl group or disconjugation system unsaturated bond of 1-7 shows the 
hydrocarbon group of 2-7), and is the basis in which at least one of R1-R4 includes a disconjugation system 
unsaturated bond. 

[001 7] What the carbon atomic number in which at least one of R1-R4 includes a disconjugation system unsaturated 
bond has the hydrocarbon group of 2-7, and has -CH20R5 or -CH20COR6 (the carbon atomic number in which R5 
and R6 include a disconjugation system unsaturated bond shows the hydrocarbon group of 2-7) is desirable as cyclic 
ester expressed with such an above-mentioned general formula [l] by this invention. It is desirable that a carbon 
atomic number including such a disconjugation system unsaturated bond is an alkenyl machine as a hydrocarbon group 
of 2-7. 
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[0018] As an annular carbonate expressed with such a formula [I] 4-vinyl ethylene carbonate, 4, and 4-divinyl 
ethylene carbonate, Vinyl ethylene carbonate derivative;4-vinyl-4-methyl-ethylene carbonate, such as 4 and 5-divinyl 
ethylene carbonate, 4-vinyl-5-methyl-ethylene carbonate, the 4-vinyl -4, 5-dimethyl ethylene carbonate. The 4-vinyl 
-5, 5-dimethyl ethylene carbonate, 4-vinyl - Alkylation vinyl ethylene carbonate derivative;4-allyloxy methyl-ethylene 
carbonate, such as 4, 5, and 5-trimethylethylene carbonate, Allyloxy methyl-ethylene carbonate 
derivative;4-methyl-4-allyloxy methyl-ethylene carbonate, such as 4 and 5-diaryl oxymethyl ethylene carbonate, 
Alkylation allyloxy methyl-ethylene carbonate, such as 4-methyl-5-allyloxy methyl-ethylene carbonate; 4-acrylic 
oxymethyl ethylene carbonate, Acrylic oxymethyl ethylene carbonate derivative;4-methyl-4-acrylic oxymethyl 
ethylene carbonate, such as 4 and 5-JIAKURIRU oxymethyl ethylene carbonate, Alkylation acrylic oxymethyl ethylene 
carbonate, such as 4-methyl-5-acry'»c oxymethyl ethylene carbonate, etc. is mentioned. 

[001 9] Among these, the thing containing vinyl ethylene carbonate derivatives, such as 4-vinyl ethylene carbonate, 4, 
and 4-divinyl ethylene carbonate, 4, and 5-divinyl ethylene carbonate, is desirable. 

[0020] There is an effect of improving the charge-and-discharge efficiency of the cell produced in case a phosphoric 

ester compound is added, and the fall of a load characteristic in such an annular carbonate. 

As a phosphoric ester compound used by the phosphoric ester compound this invention, the phosphoric ester 

expressed with following general formula [II] - [IV] is used preferably. 

[0021] 

[Formula 10] 
OR- 

0=P<— ORa 

or 9 . • • ; . 

[II] 

[0022] 

[Formula 1 1] 

AC 

O OR t0 

[III] 
[0023] 

[Formula 12] 

?-\ 

(<p)m-0 — P=0 
[IV] 

(Among a formula, even if R7-R10 are mutually the same, they may differ from each other, and they show the alkyl 
group or fluorine substitution alkyi group of carbon numbers 1-6.) - (C>- is the hydrocarbon group of the shape of a 
straight chain, and the letter of branching, k, I, m, and n show a carbon number, k is the integer of 2-8, and at least 
one of I, m, and the n is [ it may differ, even if I, m, and n are mutually the same, and it is the integer of 0-1 2, and ] 
one or more integers. 

Specifically as phosphoric ester expressed with a formula [II], trimethyl phosphate, triethyl phosphate, TORIPURO pill 
phosphate, tributyl phosphate, dimethyl ethyl phosphate, methyl diethyl phosphate, etc. are mentioned. Specifically as 
phosphoric ester expressed with a formula [111], it is methyl-ethylene phosphate and [0024]. 
[Formula 13] - 

/0 -c„, 

0=P<— O — CH 2 

O— CH 3 

Methyl trimethylene phosphate [0025] 
[Formula 14] 

/°>(CH 2 ) 3 

o=p^— cr 

o— CH 3 

**** is mentioned. Specifically as phosphoric ester expressed with a formula [IV], it is [0026]. 
[Formula 15] 
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=P_-0— CH 2 

O CH 2 

J027] 

formula 16] 

o-ch, 

i=p^-0-CH 

<D— CH2-^CH 2 

0028] 

Formula 17] 

O-CH 

3 = P<— O — CH 2 yP - C H 3 
O -CH 2 

0029^^ trimethy. phosphate and phosphoric-acid triethyl are 

iesirable. and especially tri methyl phosphate is [ among these ] desirable. !rtw<>n+ j rtn t h*» 

0030] In the nonaqueous electrolyte for rechargeable batteries concerning a non-aqueous- solvent : this invention, the 
,on-aqueous solvent containing the annular carbonate expressed with the above general formulas [Ij and a 
.hosphoric ester compound is used. As for the aforementioned phosphoric- acid ESUDERU compound ,n the b, nary 
astern of an annular carbonate and a phosphoric ester compound, it is des.rable to be Preferably contained in 90 - 
!9 9W the weight of the amount still more preferably 80 to 99.99% of the weight 60 to 99.999% of the weight ,n a 
,on-aqueous solvent If the phosphoric ester compound is contained in the non-aqueous solvent in such an amount 
sufficient fire retardancy for the nonaqueous electrolyte for rechargeable battenes can be given. 
0031] Moreover, as for the annular carbonate expressed with a general formula [I], it is d es«rable to be pr^eferably 
: ,dded in 0 1 - 1 0% of the weight of the amount still more preferably 0.01 to 20% of the weight 0.001 to 40%_of the 
weight to a non-aqueous solvent The charge-and-discharge efficiency of the cell produced in case a phosphonc 
ester compound will be added, if the annular carbonate expressed with a general formula [I] in a non-aqueous solvent 
n such an amount is added, and the fall of a load characteristic are fully improvable. 

[0032] With the non-aqueous solvent used by this invention In addition to the annular carbonate expressed with a 
general formula [l], and a phosphoric ester compound, it is desirable to contain carbonates, such as other ^nu\ar 
carbonates and a chain-like carbonate. By including such a carbonate, the charge-and-discharge efficiency and the 
load characteristic of a cell are further improvable. As other annular carbonates, ethylene carbonate, propylene car 
PONETO, butylene carbonate, etc. are mentioned, these — one sort — or two or more sorts may use it mixing I he 
mixed solvent of ethylene carbonate, propylene carbonate or ethylene carbonate, and propylene carbonate is 
preferably used among these annular carbonates. If these annular carbonates are contained, it is Possible to raise the 
solubility of the electrolyte in low temperature, transportation of an electrolyte can become easy, and the electneal 
conductivity of the electrolytic solution can be raised further. . , , . , , 

[0033] As a chain-like carbonate, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, metnylpropyl 
carbonate, methyl isopropyl carbonate, ethyl propyl carbonate, etc. are mentioned, these -- one sort — or two or 
more sorts may use it, mixing Since dimethyl carbonate can raise the seif-ext.ngu.sh.ng of the electrolytic solution 

among these chain-like carbonates, it is desirable. . . u , . _. Uuu 

[0034] If these chain-like carbonic acid ESUDERU is contained .n the non-aqueous solvent ft «s possible to make low 
viscosity of the nonaqueous electrolyte for rechargeable batteries, and electrolytic solubility can be raised further and 
it can consider as the electrolytic solution excellent in the electrical conductivity in ordinary temperature or low 
temperature. The above chain-like carbonates and annular carbonates can also be mixed and used. 
[0035] In the case of the three-component system which mixes and uses other the above cyclic ester and chain-like 
carbonates for the annular carbonate and phosphoric ester compound ; which are expressed with a general formula L lj 
the annular carbonate expressed with a general formula [l] is 0.001 - 40 % of the weight usually preferably used at 01 

- 5% of the weight of a rate still more preferably 0.01 to 20% of the weight to the non-aqueous-solvent whole quantity. 

[0036] case [ moreover, ] it is the same — a phosphoric ester compound — the non-aqueous-solvent whole quantity 

— receiving — usually — 0.1 - 99.999 % of the weight — desirable — 1 - 99.99 % of the weight — further — 
desirable — 3 - 60 % of the weight — it comes out comparatively and is used — having — other cyclic ester and 
chain-like carbonates — the non-aqueous-solvent whole quantity — receiving , — usualjy -- 99.899 or less % of the 
weight desirable — 98.9 or less % of the weight — further — desirable — 35 - 96.9 % of the weight — it comes 
out comparatively and is used , ^ , , . . . ;f 
[0037] If it is possible to raise the electrical conductivity of the nonaqueous electrolyte for rechargeable battenes it 
other annular carbonates are contained in the non-aqueous solvent in such an amount and the cha.n-l.ke carbonate is 
contained, the nonaqueous electrolyte for rechargeable batteries excellent in self- extinguish. ng can be obtained. 
[0038] The annular carbonate expressed with the above-mentioned phosphonc ester and a general formula UJ to tne 
non-aqueous solvent used by this invention further again, The methyl formate usually used as a non-aqueous so vent 
for cells besides other annular carbonates and a chain-like carbonate. An ethyl formate, a propyl formate, methyl 
acetate ethyl acetate, propyl acetate, Chain-like ether, such as chain-like ester, such as a methyl propionate and an 
ethyl propionate, and dimethoxyethane. Amides, such as cyclic ether, such as a tetrahydrofuran, and a 
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.hylformamide Methyl - ******-BAMETO. such as N and N-dimethyl carver mate Annular sulfones u such as 

^L+iTo^h aTaarXna-butvrolactone and a sulfolane Non-aqueous solvents, such as annular ureas, such as 
c-amidest ^such Is annuK N-methyl OKISASORIJINON and N-methyl pyrrolidone. ]. N, 

%2!me"yl imlSazoWone. can be used to about 40 % of the weight to the whole quantity of a non-aqueous 

J^Ac *n Rlectrolvte used by the electrolyte this invention, usually, if used as an electrolyte for nonaqueous 

SSl* r*2?u£ft mav differ ever if mutuaMy the same, and lithium salt such as] and LiSiF6 which are the 

oTc y a^nVumbers"-6 U UC4F9S03, and UC3F1 7S03. is used preferably. These lithium salt 

oTslnce uSSS ts^t^l^^^S ^.C^ Phosphoric ester among these 
S fa^des frlble As ^su™ ar .electrolyte, it is usually desirable to contain 0.1-3 mols /in the nonaqueous 
u-olyte for rechargeable batteries by the concentration of 0.5-2 mols/l. preferably I. 

nonaqueous elecS-olyte rechargeable battery concerning a nonaqueous electrolyte rechargeable battery *.s 
ntion consists of a negative electrode which contains a metal lithium, a lithium content alloy or the carbon 
^al in which the dope and ** doping of a lithium ion are possible as a negative-electrode active matenal a 
dve dect ode which'contains either a lithium, the multiple oxides of transition meta^ and carbon, ™tenals or 
.mixture as a positive active material, and aforementioned nonaqueous electrolyte for rechargeable battenes. 
iTsuch ^ ^nonaqueous electrolyte rechargeable battery is applicable to for example, a cyl.ndncal nonaqueous 
iiwrrechan?eaWrbatter7lt comes to Contain a cylindrical nonaqueous electrolyte rechargeable battery with 
cd ^n ! where an electa^ insulating plate 4 is laid in the upper and lower sides of wind.ng and a winding object 
ugh £e SEPARE everlfng 3 into which" e nonaqueous electrolyte for rechargeable battenes was 

~i~r>+rr>Ae> 1 whlrh armlies a neeative-electrode active matenal to the negative-electrode charge collector y, 
bromestatsh^ 

^Xe^^tT^^^^ lead 1 2. respectively, and it is constituted so that ,t may funchon 
he nezative electrode or positive electrode of a cell In addition, separator is a porous film. 
<2] By?his celt as for £e positive-electrode lead 12, electrical installation with *e eel l,d 7 may be measured 
ugh {he sheet metal 8 for current interception. By such cell, if the pressure ins.de a cell " ses '^« s n h ^. r " e f l 8 
current interception is pushed up. and deforms, positive-electrode lead 1 2 leave the above-mentioned sheet 
al 8 and the welded Dortion they are cut and current has become as I intercept / current J. 
*3] A**ough an of «,e carbon material as a negative-electrode active material which constitutes such a negative 
ttode 1 which can dope and ** dope a metal litbium, a lithium alloy, and a lithium , on can be used, A ,s desirable to 
STe carbon material wNch can dope and ** dope a lithium ion among these. Such , icarbon, ^enal may be an 
.rphous carbon even if it is graphite, and all carbon matenals, such as actuated carbon, a carbon fiber, carbon 

&U,Ve^ 

and if the carbon material which has a property near the graphite whose density is three or more 1 .70 g/ cm is 
irabte anc uses such a ca*on material, the energy density of a cell can be made high. Moreover ^ multiple oxide 
ch the multiple oxide which consists of the lithium and transition metals of transition-metals oxides, such as MoS2, 
2 MnO? and V205 and aVansition-meta.s sulfide or LiCo02 and LiMn02. LiMn 204. and I L,N,02 grade 1^ 
ositive active material which constitutes a positive electrode 2, and especially consists of a lith.um and transition 

45] Mo d reover!when a negative electrode is a lithium metal or a lithium alloy, a carbon material can also be used as 
ositive electode. The mixture of a lithium, the multiple oxide of transition metals, and a car bom ™tenal also be 
d as a positive electrode further again. Moreover, the nonaqueous electrolyte rechargeable battery ""COT'.ng thls 
cntion is applicable also to a coin type nonaqueous electrolyte rechargeable battery as shown '"J™? 2 - 
46] the co^ type nonaqueous electrolyte rechargeable battery of drawing 2 - the shape of a _d.sk - the shape of 
ative-electrode 1 3 and a disk - positive-electrode 1 4, separator 15 and sta.n ess board 1 7 - a negahve^ 
ctrode 13, separator 1 5. and a positive electrode 1 - 4 and where a laminating ,s carried out m the ataintess 
■uence of board 1 7. it contains to cell can 1 6 - having - the. cell can (l.d) 19- gasket 1 8 - minding it .s_ 
ached by closing The same thing as the above is used as negahve-electrode 1 3. separator 1 5 •and 
iitive-electrode 1 4. Moreover, the thing of the quality of the matenal of the stainless steel which cannot corrode 
I can 1 6 and cell can (lid) 1 9 easily due to the electrolytic solution is used. , ^rfr=™in,? 

.47] In addition, it may not be limited to what showed the configuration.* a cell etc. to drawing and drawns 2 
luding the nonaqueous electrolyte for rechargeable batteries which explained the nonaqueous electrolyte , 
harglable battery concerning this invention above as the electrolytic solution, but you may be .a square shape etc. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The nonaqueous electrolyte for rechargeable batteries concerning this invention is fire 
retardancy and excellent in charge/discharge capability ability, and the nonaqueous electrolyte rechargeable battery 
using such nonaqueous electrolyte for rechargeable batteries is safe, can generate the high voltage, and is excellent n 
a charge-and-discharge property. 
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EXAMPLE 



[Example] Although an example is given and this invention is explained concretely hereafter, this invention is not 

limited at all by these examples. . 

[0050] Vinyl ethylene carbonate in the nonaqueous electrolyte for rechargeable batteries after dissolving example 1 

Manufacture of nonaqueous electrolyte for rechargeable batteries> LiPF615.2g OOOmmol) in trimethyl phosphate 

(TMPA) (VEC) 

[0051] 

[Formula 18] 




;CH t . 

It added so that concentration might become 5% of the weight, and the nonaqueous electrolyte for rechargeable 
batteries was prepared (electrolyte concentration of 1 .0 mo Is/O. 

production of a negative electrode> — the negative electrode 1 3 was produced as follows first 
[0052] 95 weight sections and the polyvinylidene-fluoride (PVDF) 5 weight section of a binder are mixed in the 
carbon-powder end of the mesophase. pitch micro fiber Made from PETOKA (tradename : MEMBUROMMIRUDO, d 
002= 0.336nm, density 2.21 g/cm3), and it distributes to N-methyl pyrrolidone of a solvent — making — a negative 
electrode — a mixture — the slurry (the shape of a paste) was prepared this negative electrode — a mixture — after 
making the negative-electrode charge collector with a thickness of 20 micrometers made from band-like copper foil 
apply and dry a slurry, the band-like carbon negative electrode was obtained such a negative electrode — the 
thickness of a mixture was 25 micrometers Furthermore, after piercing this band electrode with a diameter of 1 5mm in 
the shape of a disk, it pressed and considered as the negative-electrode electrode 1 3. 
The <production of positive electrode> positive electrode 14 was produced as follows. 

[0053] the LiCo02 (21 8 micrometers of mean particle diameters [ Product name : HLC- ]) particle 91 weight section 
by Honjo Chemical, the graphite 6 weight section of electric conduction material, and the polyvinylidene-fluoride 3 
weight section of a binder — mixing — a positive electrode — preparing a mixture and distributing N-methyl 
pyrrolidone — a positive electrode — a mixture — the slurry was obtained The positive-electrode charge collector 
made from a band-like aluminum foil with a thickness of 20 micrometers was made to apply and dry this slurry, it 
pressed, and the band-like positive electrode was obtained, such a positive electrode — the thickness of a mixture 
was 40 micrometers It considered as the positive-electrode electrode 14 by furthermore piercing this band electrode 
with a diameter of 1 5mm in the shape of a disk. 

production of a cell> — as shown in drawing 2 , after carrying out the laminating of the disk-like negative electrode 
13 obtained by doing in this way, the disk-like positive electrode 14. and the separator 15 (micrometers [ in thickness 
/ 25 ], fine porosity polypropylene film with a diameter of 19mm) to the cell can 16 of 2032 sizes made from stainless 
steel in the sequence of a negative electrode 13, separator 15, and a positive electrode 14, the aforementioned 
nonaqueous electrolyte for rechargeable batteries was poured into separator 15 Then, after containing the board 17 
(the thickness of 2.4mm, diameter of 15.4mm) made from stainless steel, through the gasket 18 made from 
polypropylene, by closing the cell can (lid) 19. the airtightness in a cell was held and the coin type nonaqueous- 
electrolyte rechargeable battery with a diameter [ of 20mm ] and a height of 3.2mm was produced. 
<measurement of service capacity> — the service capacity of the nonaqueous electrolyte rechargeable battery which 
carried out in this way and was produced was measured In addition,. in this example, the direction of current where Li+ 
is doped by the negative electrode was considered as charge, and tne direction of current by which a ** dope is 
carried out was considered as electric discharge. Charge was performed by the 4.2V or 1mA constant-current 
constant-potential charge method, and when the charging current became below 50microA, it considered as the end. 
Electric discharge was performed by the 1mA constant current and when voltage amounted to 2.7V, it considered as 
the end. From the charge capacity of this charge-and-discharge cycle, and service capacity, charge-and-discharge 
efficiency was calculated by the following formula. A result is shown in Table 1 . 
[0054] 
[Equation^] 

afeStSSfc* <90 = x l o 0 

3E*S*GaAh/g) 

[0055] The Manila paper for separators with a thickness of 0.04mm cut with a length of 30cm a 1 5mm and in the 
shape of a strip of paper in the beaker containing the nonaqueous electrolyte for the <self-extinguishing evaluation of 
nonaqueous electrolyte for rechargeable batteries> aforementioned rechargeable batteries was dipped 1 minute or 
more. The superfluous nonaqueous electrolyte for rechargeable batteries which drips from Manila paper was wiped 
with the beaker wall, the support needle of the sample base which has a support needle at intervals of 2.5cm was 
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stabbed with Manila paper, and it fixed horizontally. The sample base which fixed Manila paper was put into the metal 
box of 25 cmx2 5 cmx5 0 cm. the end was lit with the writer, the length with which separator paper burned was 
measured, and the case where combustion length was under Icm was estimated that there is self-extinguishing. A 
result is shown in Table 1. 

[0056] Vinyl ethylene carbonate in the nonaqueous electrolyte for rechargeable batteries after dissolving LiPF615.2g 
(lOOmmol) in the mixed solvent (mixed weight ratio EC:DMC:TMPA= 37.6:56.7:5.2) of ethylene carbonate (EC), dimethyl 
carbonate (DMC). and trimethyl phosphate (TMPA) like example 2 example 1 (VEC) 
[0057] 
[Formula 19] 



CH, 

It added so that concentration might become 0.5% of the weight and the charge-and-discharge efficiency of a cell and 
the self-extinguishing of the electrolytic solution were evaluated like the example 1 except having prepared the 
nonaqueous electrolyte for rechargeable batteries (electrolyte concentration of 1.0 mols/l.). A result is shown in Table 

[0058] It sets in the example 3 example 2, and is 4 and 5-di vinyl ethylene carbonate [0059] instead of vinyl ethylene 
carbonate. 
[Formula 20] 



A 



H H 

The charge-and-discharge efficiency of a cell and the self-extinguishing of the electrolytic solution were evaluated 
like the example 2 except having ******(ed). A result is shown-in Table 1. 

[0060] It sets in the example 4 example 2, and they are 4-methyl and 4-vinyl ethylene carbonate [0061] instead of 
vinyl ethylene carbonate. 
[Formula 21] 



1> 



CH, 
CH, 

The charge-and-discharge efficiency of a cell and the self-extinguishing of the electrolytic solution were evaluated 
like the example 2 except having ******(ed). A result is shown in Table 1. 

[0062] It sets in the example 5 example 2, and is allyloxy methyl-ethylene carbonate [0063] instead of vinyl ethylene 

carbonate. 

[Formula 22] 




except for having ******( e d) — an example 2 — the same — carrying out — the charge-and-discharge efficiency of 
a cell — ** — self-extinguishing evaluation of the electrolytic solution — it carried out A result is shown in Table 1 . 
[0064] It sets in the example 6 example 2, and is metacryloxy'methyl-ethylene carbonate [0065] instead of vinyl 
ethylene carbonate. 
[Formula 23] 



6 



H x 



The charge-and-discharge efficiency of a cell and the self-extinguishing of the electrolytic solution were evaluated 
like the example 2 except having ******(ed). A result is shown in Table 1. 
[0066] 
[Table 1] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the **** cross section of the cylindrical cell in which one example of the nonaqueous electrolyte 
rechargeable battery of this invention is shown. 

[Drawing 2] It is the outline cross section of the coin cell in which one example of the nonaqueous electrolyte 
rechargeable battery of this invention is shown. 
[Description of Notations] 

1 1 3 .... Negative electrode 

2 1 4 .... Positive electrode 

3 1 5 .... Separator 

4 1 1 .... Electric insulating plate 

5 16 .... Cell can 

6 .... Obturation gasket 

7.... Cell lid -. 

8 .... Sheet metal for current interception 

9 .... Negative-electrode charge collector 

10 .... Positive-electrode charge collector 

1 1 .... Negative-electrode lead 

12 .... Positive-electrode lead 

17 .... Board made from stainless steel 

1 8 .... Gasket 

19 .... Cell can (lid) 
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DRAWINGS 



[Drawing 1] 




[Drawing 21 



17 L9 
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±aau>»xxx;k en rasnsjattfla* 
xxfjk i^iwxxfik i^^xxf;^ 

;k «Kx^;k m^nWk I»*^;k ftftx^ 
;k »B6^at;;k 7n ^;k 

X^a£«l#XXf;k y^h*yX^>}i^i 
fh7tK077>Jit*«X-f^ 

-s;^^-;^- hft£©l«*-/w - ha* r- 
yfD7^h>?5:t'«xxf;^ x;i/^^>^«i: 

[0 0 3 9] ttfigg 

*4*l5Ctft<«fflt5utm5. JUfcHCtt. Li 
PF 6 ,LiBF4,LiCI0 4> LiAsF 6> LiOS02R n ,LiN(S02R 12 ) (S0 2 R 
13), L i C (S0 2 R 1 4 ) (SO2R 1 5 ) (S0 2 R ! 6 ) , L i N (S0 2 0Rl 7) (so 2 0 

T*S3, LiSiF 6 v LiC4F 9 S03. UC3F1 7803ft U 
[0 0 4 0] dn^'J^^AJ^O^^, LiPF6,LiBF4*< 

u >KxxT-;ififlD**fffflT?**tt3ft«»<ft*fcae)jg : 
£<B<fc3ft«»KK, »#. 0. 1-3^/ 

^. 

[0 0 4 1] dO<ko^*7K^»«x^mmtt, Ac<h*. 

J£*g£SMrLTfc*affil£, jEflBMttLOKjESS 
4&K£»frLTfc*jEffi2(!:£ % 
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// 

«2i:*»Wtc»tt$n, WiM<fcL 
ILttOltT**. 

coo4 2] c©«?fiTJi, iE«y-Ki2tt, nmm&r 

[0 0 4 3] C<Ock5^Il$iritr«ftijSWt 

[0044] *fggma. »tx*»«fTai«Lfc(oo2) 

ffi tfffilWHI (doo2> **0. 37nm£TFT& 0 , ftftftf 1 . 70g/cn 

*fcM2£«j£-r* 
SEttSfcKiUTtt, MoS 2 , TiS 2 , Mn0 2 . V 2 0 5 , fc£<D 

J: cfig&&jMM:gr . £ ^ ttL i Co0 2 . 
LiMn0 2 , LiMn 2 0 4 , LiNi02^<O »J ^^AtS^Jgi^ 

[0 0 4 5] ftffi#y^*A&«Sfctty^£A 

<nm&M4m t m. mum t^m^^m^cthr^ 
* a zrz. *5&m\z&z&*nmm=$:nmt* m\z 

[0 0 4 6] 020 3 -f >ffl*7K«#*-^«ffliTtt, 

■7->u7,(Dm mus. -tnv-$\ 5. mi « 

*^»SCi:tC«fcO«tomtStlT^-S. ftffil 3. -fc 
5, Ml 4ilTH fHre&RttO«iti!>«ttt 

[0 0 4 7] fcfc, *«Wt«-5#*«/Sa-^««i 
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[0 0 4 8] 

[0 0 4 9] 

[0 0 5 0] Sgfiftl 
<=Ufc*MUfl #*«E£tB H8>L iPFg 1 5. 2g (1 OOmmo 1 ) 

. ')>wh^^)v,{TuPA). \zmm\.rzoiE>..zL 

(VEC) 
[0 0 5 1] 
UtlB] 

#«t£S8S3l,fc («*BS&1.0iol//ijy h;W . 
<ftS©ff«>*r. &ttl3£&T<0«k3£LTffcHL 

[0 0 5 2] <fc) ^h*»<O^V7x-Xt!y^T>f 
^□7 Z </N*— (jftfifc doo2 s O. 
30 336nm. &&2. 21g/cm3) <3#um5fc95MgB«fc, *§3gai 
C0#y 77iktf-Uf> (PVDF) 5Sfig8££ig^ 

x^.y- (^-xh#) ^sjifc. ;^tg^jx7 

fc£&^3l<Z>/P$tt2 5 amT&ofc. JbC, ZKBflf 
5mm<DRftttK:flr5fti,>fcffc, £EtffJ$ 

<!Ea^»>Ml4tt«T<Ocfc5tLTf^»Ufc. 
*o [0 0 5 3] *jEE*-**;P tm Sa<7)LiCo0 2 : 
HLC-21, ^18wm) &&^9 lMfiggt, 

t*-'JT r >3Sfig5i^^LTM^^^L, N 

ny F>izftmm£zz<t\z<ko. M^J 
^-^AisiaMmm^Jc^u, je^^ 

Rfi«mtt<uti:j;0jEfftai4tLfc. 
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tin, t/^-^i5, iESi 4<omffrmmLfz 
1 5 tzm&-<k'mmm#*nmm$:m 

ALfz. *<D&, Xx>UX§?C0fci7 (H$2.4mm, 
M8£:frLT, Sfcft «) 1 9£*>L»SCifc 

ztizmmjjftz&ntisit. jtmz. 4.2V, lmA^m 

r>fz9$&-emTizl,lz. 1 mAco^mSSTfr^, 

ig£fH* Lfc. ft*** l ic^T. 
CO 0 5 4] 
»1] 



x 1 0 0 



CO 0 5 5] <=#ttttffi|^*#fc®g S fc* ttM 

>fft&-Anmm#*nmt&<D\'Drz\i'-ti-*\z* i 

Sam, £ $ 30ciB<a$gfl&# |C SJ$r L &/9 3 0. 04min</Dir/^ U 

v>3L&mzmLT7k¥\z®feLfz a -T-^mzffimLtz 

•V->M-&&2S cmX2 5 cmX5 0 zm<D&mMQ>M\Z\ 

CO 0 5 6] HJS^J2 
^&S0U £f^&tc, LiPF8l5.2g(100mmol)$X^U>* 
(EC) . S>*3MWi— h (DMC) 
£'J>RMJ*^ (TMPA) tflDjB^»jB| (M&m 
fitfcEC : DMC : TMPA- 3 7. 6 : 5 6.7 : 5. 

2) tzmmttza*,* -&nmm&*nmm*<D}z-)], 

X^U>#-#*-h (VEC) 
CO 0 5 7] 

[ft: i 9 J 
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CO 0 5 8} 3iS&0j3 

0 £4, S-yt'ZHfl^/i]-^^- h 
CO 0 5 9] 
Ut2 0] 



H,C 



A 



&&mLtzWwtmmm2i:fiiimzi,T* nmnimm 

To 

co o 6 o] nmm^ 

20 ot;4-^ 4 - tfx;px^ U h 
CO 0 6 1] 



Wk 2 i ] 



4 

CH : 



CH, 
CH, 



c o o 6 2 ] mmm 5 

^0tJ2(ci5ViT, ex;px^-u>^— h<Dftt) 
CO 0 6 3] 

at 2 2 ] 




To 

CO 0 6 4] Hfi£0J6 
^^J2lC4o^T, t:x;Ux^l/ hcoftfc 

CO 0 6 5] 
CYb 2 3 3 

50 - 
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H, 



.CH. 
5 CH, 



/5 

To 

[0 0 6 6] 

Ki] 







3D 0 5E $C 




EC 


DMC 


TMPA 


• 


MP* 




0 


0 


95. 0 


f-*EC 


5. 0 


87. 3 






37. 6 


56. 7 


5. 2 




0. 5 


95. 6 


*>*) 


nmmz . . 


37. 6 


56. 7 


5. 2 


*y ' t * =. * 
EC 


0. 5 


95. 6 




mmm 


37. 6 


56. 7 


5. 2 


fc'-A-EC 


0. 5 


89. 8 






37. 6 


56. 7 


5. 2 




0. 5 


89. 4 


M 




37. 6 


56. 7 


5. 2 




0. 5 


90. 5 





l, 13- 
2, 14 — 
3,15-- 
4, 11 
5, 16- 



US 



7"-^m^ 

10 IE«««^ 

12 jESU — P 

i7-"X^>uxsa<7)^ 

18""#X^y h 
19 V 



[013 



[0 2] 
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(72)fg91# 5EB Mm F^-A(##) 5H029 AJ02 AJ12 AK02 AK03 AK05 

=fmmn^rmm^m^m^^0m2 H AK06 AK18 AL06 AL07 AL08 

2Hfc^t*3C£#J*9 AL12 AM02 AM03 AM04 AM05 

(72)«9!# 5^ m AM07 BJ02 BJ03 BJU HJOO 

#^;ii*««m*KS£H»ni9o#fl!i h# hjo2 



